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PACS 03 . 65 .Ud - Bell's inequalities 

PACS 03 . 65 . Ta - Foundations of quantum mechanics 

Abstract. - 



In their Comment 1 on our Letter [2], Leggett and 
Garg claim that they have introduced in their original pa- 
per (LG1) a dependence on measurement times. They 
also claim that Eqs.(HMDRl) and (LG2a) can therefore 
not be linked in such a way that the arguments of [2] can 
be transcribed. However, (LG1) distinguishes only three 
time differences, and all experimental results correspond- 
ing to the same time differences are identically labeled and 
therefore treated as mathematically identical. We there- 
fore can not agree with the argumentation of Leggett and 
Garg: except for a change of nomenclature Eqs.(HMDRI) 
and (LG2a) are the same. A more extensive discussion of 
this point can be found in Ref. [3]. 

According to Boole 4 , it is logically and mathemati- 
cally impossible to violate the inequality 



Fi2±F, 3 | < l±Fr 
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(1) 



where F 3 = £f =1 A i>a A j>a /M, 1 < i < j < 3, A i>a = ±1 
and 1 < a < M labels the different experimental runs that 
collect triples of data (Ai yCC , A2, a , ^3,«) [!]• The Bell and 
the Leggett and Garg inequality have the same structure 
as Eq. ([T]), with i = 1,2,3 labeling the polarization settings 
or the three time differences, respectively, and they are 
contained in the work of Boole [3] . 

Boole proved the following. If a one-to-one correspon- 
dence can be established between the binary variables 
(Ai <a , Ai^ a , A%,a) of the mathematical description and 
each triple of binary data collected in each experimen- 
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tal run a, then it is impossible to violate Eq. ([1}. How- 
ever, in EPR-type or Leggett- Garg- type laboratory exper- 
iments, the data are not collected in triples but in pairs 
(4!L4i), (4 2 l4 2 i), (4 3 L4 3 a) with corresponding 
averages F^\ and F^\ respectively, and without 

any further assumptions, F^ and F^ are not con- 
strained by Eq. (P [3]. 

Leggett and Garg do not refer to Boole's one-to-one cor- 
respondence nor to any other point of Boole's work, but 
instead introduce a variety of other conditions and phrases 
(such as macro-realism and induction) by which they jus- 
tify their use of the inequality Eq. ((T|) . These conditions 
would have to give a physical justification for dropping 
the superscripts (I), (2), and (3), thereby re-establishing 
the one-to-one correspondence that is required for Eq. ([TJ 
to hold. Inequalities of the type Eq. ([T]) in combination 
with the postulated conditions are then believed to be use- 
ful for testing whether these conditions are satisfied in a 
laboratory experiment. 

Key to the reasoning of Leggett and Garg is their state- 
ment S =:"the properties of physical ensembles depend 
only on their preparation" pQ. These properties are de- 
scribed in their and in our paper by binary data sets. As- 
suming the statement S to be true is then sufficient to 
guarantee a one-to-one correspondence between triples of 
binary variables (^1,0)^.2,0, ^3, q) and the experimental 
data. Hence, according to Boole [4], it is logically and 
arithmetically impossible to violate inequalities such as 
those of Bell and Leggett and Garg. On this point we 
agree with Leggett and Garg. 

However, there exists no reason, logical or physical, that 
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statement S always needs to be satisfied. S represents 
an assumption and restricts the discussion to situations 
in which the actual act of measurement cannot affect the 
outcome. In our opinion, assumption S may indeed be ap- 
plied to the elements of reality emanating from the source 
and often denoted by A, but it is a giant leap to apply S to 
the binary data that are found by involvement of sophisti- 
cated measurement equipment and that may therefore be 
significantly influenced by that equipment. For example, 
that equipment may contain some form of "clock" that im- 
presses the measurement time t m on the outcomes of the 
measurements so that we are justified to introduce a time 
label and then deal with functions Ai j0[ ^ m , as is customary 
for stochastic processes [5]. 

The example with doctors and patients presented in 
our LetteiQ, based on every-day experience and requiring 
knowledge of elementary arithmetic only, is macro-realistic 
in the common sense of the word but not if macro-realistic 
is used in the narrow sense of the statement S because of 
the local influences on the data. The example shows that 
a violation of a Boole inequality can be accomplished by 
dropping Boole's particular condition of the one-to- 
one correspondence. Other explicit examples pertain- 
ing to EPR experiments are given in Ref. [3]. A rigorous 
treatment of the problem within the framework of Kol- 
mogorov's probability theory can be found in Ref. [6] 

Note that our properly prepared "physical ensemble" of 
doctors and patients is definitely realizable, which proves 
that the statement S of Leggett and Garg does not always 
need to be satisfied, even in the macroscopic realm. 
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Hhe word "each" in the second line of page 5 should be read as 
", each doctor" 
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